A Fluorescence Scanning Near-Field Optical Microscope operated in reflection is presented. A pulled optical fiber is used both as an emitter for the exciting light and a collector for the generated fluorescence. The advantage of this set-up is the use of the fiber tip as an emitter and a collector. The sample is locally illuminated and no extra optical elements are needed for the detection. We will describe the shear force set-up which is used to control the tip to surface distance. Direct correlation between force map and optical signal is thus possible. Fluorescence images have been obtained on Langmuir-Blodgett films where we estimate the resolution at 200 nm. Moreover the anisotropic property of the monolayer allows polarization contrast measurements. Thus, we show true optical contrast due to fluorescence and polarization is applicable to this configuration. Artifacts in LB films shear force image are discussed. Shear force approach curves obtained on glass and polymer domains are presented to explain the chemical origin of the phenomenon.
INTRODUCTION
Suggested in the beginning of the century [1], Scanning Near-field Optical Microscopy (SNOM) has been demonstrated in 1972 [2] with radiowave frequency. The technique is analogous to Scanning Tunneling Microscopy (STM) and Atomic Force Microscopy (AFM) but at variance the optical interaction is studied. The probe size and its separation with the sample determine the image resolution. In recent years several schemes have been developed with different probes and illumination methods [3] . The shear force detection [4, 511 combined with the use of pulled fiber allows to control the working distance and to avoid tip and/or sample damage. It gives simultaneously a force image of the sample. Fluorescence SNOM in transmission has been demonstrated in 1986 with a resolution of 50nm [6] . In this case a true optical contrast coming from the sample property is displayed. This is of a great interest in detection and characterization of single molecules [7, 8] . This technique is promising in biology too: lipid films [9] and labeled chromosomes [10] investigations have been reported with 100 nm resolution.
We present fluorescence images of Langmuir-Blodgett films obtained with an equivalent system as proposed by Spajer et al [1 1, 14] . Analyzing the fluorescence intensity we determine the resolution at 200 nm. We show that polarization contrast (already reported in classical microscopy [15] and SNOM in transmission [9] ) is a technique which can be applied in our system. This results are promising and obviously helpful in solid states physics and studies of non transparent samples.
Although it is useful in SNOM the shear force mechanism is not totally explained. We present results
showing specific chemical origin of the phenomenon.
MICROSCOPIC SET-UP
The near field probe is an adiabatically pulled fiber. The extremity of a multimode fiber is pulled with a commercial instrument (Sutter P2000) and its diameter is reduced to about 100 nm. In the present works the probe is not coated with metal, and used both as an emitter for the exciting wavelength and a collector for the fluorescence. We choose a multimode fiber to collect the maximum fluorescence signal.
The sample to probe distance regulation is the central part of any near field microscope. Although a tunneling feedback [16] has been developed, the shear force technique is the most popular distance control in SNOM using pulled fiber.
The principle has been presented three years ago [4, 5] . The fiber is mounted on a piezo-ceramic and is vibrated at the first resonance frequency. Close to the surface forces act on the tip and reduce the dither vibration. Using a feedback system a z-piezo controls the tip to sample distance.
Several schemes have been
proposed to detect the vibration amplitude [17, 18] . This is done in our system by using an external optical method (figure 1).
The shear force detection system is easily implemented and the detection is independent of the sample properties. Perpendicular to the fiber a laser diode is focused in front of the extremity and a split detector collects the diffracted light. Figure 2 shows an example of the shear force signal with a vibration amplitude of 80 nm. The sample is an Al mirror. One notes the behaviour of the approach curve changes within the last 12 nm. This value can be reduced using a smaller amplitude [17] . During the scan the probe follows the surface contours and the voltage needed to keep the shear force signal constant displays a force map. A piezo-tube allows the sample displacement in the x and y directions with a maximum scale of 20 im2. A personal computer generates the scan pattern and acquires the force and fluorescence signals. The feedback system limits the data acquisition at 300 Hz.
40 / SPIE Vol. 2535 Prepared by LB technique [15] a monolayer with a thickness of 6 nm is obtained on a glass slide. It is composed of domains. Although they show a strong absorption in the green and emission in the red, each domain has a particular geometry (several square micrometers in size) and a distinct crystalline orientation. Thus each domain is characterized by its own absorption and emission moments.
Fluorescence measurements
Topographic and fluorescence maps are shown in figure 4 . The scan area is 12* 12 J.Lm2 with 200*200 pixels. We note on the force image (a) that the film is composed of several domains. Although its thickness is 6 nm it seems to be lower than the glass parts. This behavior will be clarified in the next section. In the fluorescence map (figure 4b) obtained without polarizes and analyzer, we clearly recognize domains. The parts where no film covers the glass appear black.
In figure 5 a fluorescence contour line is plotted. We define the resolution as the width between Maximum -20% and Minimum +20%. We estimate the resolution at 200 nm. We measured the maximum fluorescence level at 1,3 pW for a ljiW output of the tip. We note the evolution of the relative fluorescence intensities of the different domains with the change of polarization. The fluorescence intensity depends on absorption and emission moments too, and its level is maximum when the input polarization is parallel to the absorption moment. One can deduce from figures 6b and 6d that the upper domains of the studied site have the same characteristics. The same conclusions can be drawn for the lower part of the image. Domains with perpendicular orientations appear with inverted level between 6b and 6d. Figure 6c corroborates these remarks. In this image all domains fluoresce because they are partially excited with an input polarization of 45°.
The shear force contrast mechanism
In order to test the shear force on thin film, we imaged an aluminum layer with traces of latex spheres.
It has been fabricated by an aluminum deposition on a spheres monolayer which has been removed by ultrasound. The hole diameter is 48mm. Figure 7 is the shear force image of a part of this sample. The scan area is 4*4 JIm2 and the pixel size is 20 nm. In this case the force image represents the "real" topographic map of the sample. The height of the aluminum layer has been measured to 12 nm by both shear force and conventional atomic force technique. It is clear that forces acting on the tip are merely dependent on the topography. We can clearly recognize the circular holes in the film. The geometry and the compacity of the spheres give rise to clusters whose are well resolved especially in the upper left corner of the image. As we mentioned in the last section, the darker areas in shear force images of Langmuir-Blodgett films show strong fluorescence signal which means those areas are film domains. In this case the shear force map is no more a topographic map. One note the slopes of these two graphs are different. The shear force damping mechanism is weaker on polymer than on the glass. Choosing a set-point, the tip has to be closer to the polymer surface to keep an equivalent shear force signal despite the 6 nm topographic height of the polymer.
An explanation of this phenomenon can be the chemical nature of the sample. The same sample has been studied by adhesion mode atomic force microscopy [19] . The conclusion of this study is that the film is less hydrophilic than glass. The contrast in adhesion force image is thus inverted with respect of the topography. These two results are consistent and we conclude the shear force mechanism is depending on adhesion force between the tip and the sample. Thus the probe does not follow the contours of the sample with a constant distance, and gives rise to this artifact.
This aspect of the shear force mechanism will be subject of further research. We presented fluorescence measurements with polarization contrast using a Scanning Near-field Optical Microscope in reflection. A tapered non metallized optical fiber is used to collect the fluorescence signal it created itself. Fluorescence and non fluorescence areas can be distinguished with 200 nm resolution. Moreover we demonstrated polarization contrast on LB films which allows to characterize the orientation of polymer backbone. These results are promising because they show that contrast mechanism useful in classical microscopy and SNOM in transmission can be applied in the reflection set-up. It opens new possibilities in solid states physics and in the study of non transparent samples. We showed chemical dependence of shear force approach curves on LB films. Thus the shear force images on DPDA film show its hydrophobicity and not its topography. Although this behavior is an artifact of the method it can be used to characterize the sample chemical property. 44 
